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(g) Conductive structure for integrated circuits. 

@ An aluminum layer formed over a semicon- 
ductor integrated circuit. A metal layer is for- 
med over the aluminum layer, and both are 
etched to define a conductive signal line. 
Another metal layer is deposited and etched 
back to form a sidewall metal regions, so that 
the aluminum in the conductive signal line is 
surrounded on the top and sides. The metallic 
layer used to form the sidewall regions can be 
selectively deposited to minimize the amount of 
etchback required. In the resulting structure, 
the metal side and top layers contain the alumi- 
num in the signal line, and therefore help pre- 
vent problems caused by aluminum electromi- 
g ration. 
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The present invention relates generally to semi- 
conductor integrated circuits, and more specifically to 
a techniquefor forming metallic conductive structures 
for integrated circuits. 

Highly conductive structures are often needed to 
connect different parts of semiconductor integrated 
circuits. Various metals are typically used for at least 
some of these interconnecting structures due to their 
low resistivity. Aluminum and aluminum alloys are 
popularly used for this purpose because of their high 
conductivity, processing of aluminum is easily con- 
trollable, and because of aluminum's good adhesion 
properties to underlying layers such as silicon dioxide. 

One drawback to the use of aluminum as an inter- 
connect for integrated circuits is that moderate to high 
current densities tend to cause electromigration of the 
aluminum. Current densities sufficient to cause elec- 
tromigration are often found in the very small 
geometry semiconductor devices now being made, 
even with the use of lower operating voltages. Elec- 
tromigration causes aluminum to physically move, so 
that gaps can be formed in conductive lines. If such 
gaps, or even significantly thinner than usual regions, 
are formed, the integrated circuit device is generally 
rendered inoperable. 

It would be desirable to provide a metal signal line 
structure which is resistant to electromigration. Such 
a structure would preferably be highly conductive, and 
easy to include in standard semiconductor integrated 
circuit process flows. 

It is therefore an object of the present invention to 
provide a method for forming a metal conductive 
structure for semiconductor integrated circuits. 

It is another object of the present invention to pro- 
vide such a method which results in a highly conduc- 
tive structure. 

It is a further object of the present invention to pro- 
vide such a method which is compatible with standard 
integrated circuit manufacturing process flows. 

Therefore, according to the present invention, an 
aluminum layer is formed over a semiconductor inte- 
grated circuit. A metal layer is formed over the alumi- 
num layer, and both are etched to define a conductive 
signal line. Another metal layer is deposited and 
etched back to form metal sidewall regions, so that the 
aluminum in the conductive signal line is surrounded 
on the top and sides. The metallic layer used to form 
the sidewall regions can be selectively deposited to 
minimize the amount of etchback required. In the 
resulting structure, the metal side and top layers con- 
tain the aluminum in the signal line, and therefore help 
prevent problems caused by aluminum electromi- 
gration. 

The novel features believed characteristic of the 
invention are set forth in the appended claims. The 
invention itself however, as well as a preferred mode 
of use, and further objects and advantages thereof, 
will best be understood by reference to the following 



detailed description of an illustrative embodiment 
when read in conjunction with the accompanying 
drawings, wherein: 

Figures 1-4 illustrate a preferred method for 

5 forming metal conductive structures according to the 
present invention. 

The process steps and structures described 
below do not form a complete process flow for man- 
ufacturing integrated circuits. The present invention 

10 can be practiced in conjunction with integrated circuit 
fabrication techniques currently used in the art, and 
only so much of the commonly practiced process 
steps are included as are necessary for an under- 
standing of the present invention. The figures repre- 

15 sentlng cross-sections of portions of an integrated 
circuit during fabrication are not drawn to scale, but 
instead are drawn so as to illustrate the importantfeat- 
ures of the invention. 

Referring to Figure 1 two adjacent signal lines 

20 are to be formed on a portion of an integrated circuit. 
The signal lines illustrated, for purposes of example, 
as being formed over a field oxide region 10. As will 
be apparent to those skilled in the art, the described 
technique will be used to form metallic conductive 

25 structures over various underlying features of the inte- 
grated circuit device. However, for purposes of sim- 
plicity, a portion of two signal lines passing over the 
field oxide region 10 is illustrated in the figures. 
An aluminum layer 12 is formed over the surface 

30 of the device, followed by formation of a titanium nit- 
ride layer 14. If desired, an optional barrier layer (not 
shown) can be formed over the device before the 
aluminum layer 12 is formed. The aluminum layer 12 
is deposited to a thickness which is desired for the 

35 metal interconnect layer, and can be, for example, 
approximately 4,000 to 12,000 angstroms thick. The 
titanium nitride layer 14 functions as an antireflective 
coating, and will later perform the additional function 
of providing a cap layer to aluminum interconnect 

40 lines. The titanium nitride layer 14 is preferably depo- 
sited to a thickness of between approximately 200 
and 500 angstroms to for the antireflective coating. 

If desired, other metal layers may be used in 
place of titanium nitride. For purposes of the present 

45 invention, it is important that the metal used in layer 
14 is capable of inhibiting hillock formation and elec- 
tromigration in the underlying aluminum. Therefore, 
metals which do not function as an antireflective coat- 
ing can be used in place of the titanium nitride. How- 

50 ever, the use of titanium nitride provides both such 
inhibition of hillock formation and an antireflective 
coating, thus being beneficial in two respects and 
therefore preferred. 

A layer of photoresist 16 is spun on and patterned 

ss to define interconnect lines. Two such lines are shown 
in Figure 1, as defined by the photoresist region 16. 

Referring to Figure 2, the titanium nitride 14 and 
aluminum 12 layers are anisotropically etched using 
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the photoresist region 1 6 as a mask. This results in the 
formation of two aluminum signal lines 18, 20. Each 
signal line has a cap layer of titanium nitride 22, 24 re- 
spectively. The photoresist 16 is then removed, 
resulting in the structure shown in Figure 2. 

Referring to Figure 3, a layer of tungsten 26 is 
selectively grown over the surface of the integrated 
circuit. As is known in the art, selective tungsten dep- 
osition causes a tungsten layer 26 to be formed on 
conductive regions, such as aluminum interconnect 
1 8, 20 and titanium nitride cap layers 22, 24. Tungsten 
forms in these regions in preference to formation on 
insulating regions such as field oxide layer 10. This 
causes the complete encapsulation of the aluminum 
interconnect and titanium nitride cap layers by tung- 
sten 26. 

Referring to Figure 4, the tungsten 26 is anisot- 
ropically etched to form tungsten sidewall regions 28, 
30, 32, 34. Sidewalls 28, 30 completely encapsulate 
the sides of aluminum signal line 18, while sidewalls 
32, 34 completely encapsulate the sides of aluminum 
signal line 20. The sidewall regions 28 - 34, in combi- 
nation with the titanium nitride cap layers 22, 24, com- 
pletely encapsulate tthe top and sides of the 
aluminum signal lines 18, 20. 

An important advantage of the method just des- 
cribed is related to the techniques used to selectively 
deposit tungsten. If encapsulation of the aluminum 
interconnect line 18, 20 is attempted by simply selec- 
tively depositing tungsten, a highly selective deposi- 
tion process must be performed. Such highly 
selective processes are known to attack aluminum to 
some degree, degrading the quality of the aluminum 
signal line 18, 20. Less selective processes which do 
not attack the aluminum in the signal line typically 
deposit some tungsten on insulator surfaces. This can 
result in a tungsten bridge between adjacent signal 
lines, causing an electrical short which interferes with 
the functioning of the device. 

With the technique described above, a partially 
selective tungsten deposition process can be used. 
This prevents damage to the aluminum signal lines 
18, 20. The anisotropic etch used to form spacers 28 
- 34 will remove any small amounts of tungsten which 
may be deposited on the surface of the field oxide 
layer 10. This prevents any electrical shorting be- 
tween signal lines. The result is that there is no prob- 
lem caused by shorting adjacent signal lines through 
tungsten bridges, and high quality aluminum signal 
lines are retained. 

The combination of a titanium nitride cap layer 22, 
24, with the tungsten sidewalls 28 - 34 greatly inhibits 
electromigration of the aluminum during operation of 
the integrated circuit Hillock formation during subse- 
quent processing steps is also inhibited. This helps 
prevent this common failure mode of integrated circuit 
devices, which can greatly extend the average operat- 
ing lifetime of integrated circuits fabricated using the 



described technique. 

The titanium nitride layer 14 acts as an antireflec- 
tive coating, so that signal line definition is improved 
during the exposure and patterning of photoresist 

5 layer 16. No additional photomasking is required 
beyond the single masking layer already required to 
define the aluminum signal lines 18, 20. All of the 
remaining steps are self-aligning. 

As is known in the art, tungsten etches easily in 

10 fluorine based chemistries. These chemistries are 
preferred for the anisotropic etching of the tungsten 
layer 26 because aluminum is not affected by these 
chemistries. Titanium nitride etches in fluorine based 
chemistries to some extent, but significant etching 

15 occurs only in the presence of significant amounts of 
free fluorine or under a high power ionic bombard- 
ment. If a low power anisotropic etch is used, the 
titanium nitride cap layers 22, 24 will not etch signifi- 
cantly, so that the aluminum signal lines 18, 20 will 

20 remain fully encapsulated. 

While the invention has been particularly shown 
and described with reference to a preferred embodi- 
ment, it will be understood by those skilled in the art 
that various changes in form and detail may be made 

25 therein without departing from the spirit and scope of 
the invention. 



Claims 

30 

1. A method for forming conductive signal lines on 
a semiconductor integrated circuit device, com- 
prising the steps of: 

depositing a layer of a first metal material 
35 over the integrated circuit; 

etching the metal layer to form a signal line 
having sides and a top; and 

forming a casing of a second metal ma- 
terial, different form the first metal material, on the 
40 signal line, wherein the casing covers the sides of 
the signal line. 

2. The method of Claim 1, wherein said forming step 
comprises: 

45 forming a top layer of a third metal material 

over the signal line; and 

forming sidewalls of the second metal ma- 
terial on the sides of the signal line. 

so 3. The method of Claim 2, wherein said top layer 
forming step comprises the step of. 

before said etching step, depositing a layer 
of the third metal on the first metal layer, wherein 
the layer of third metal material is etched during 

55 said etching step to define a signal line having a 

top covering of the third metal material. 

4. The method of Claim 2, wherein said sidewall 
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forming step comprises the step of: 

selectively depositing the second metal 
material on the top layer and on the sides of the 
signal line. 

5. The method of Claim 2, wherein said sidewall 
forming step comprises the steps of: 

depositing a layer of the second metal ma- 
terial over the device; and 

anisotropically etching the layer of second 
metal material to form sidewalls on the sides of 
the signal line. 

6. The method of Claim 5, wherein said anisotropic 
etch step comprises selectively etching the sec- 
ond metal material over the third metal material. 

7. The method of Claim 5, wherein said second 
metal material layer depositing step selectively 
deposits the second metal materia! on underlying 
conductive materials, whereby such layer has a 
greater thickness on exposed surfaces of the first 
and third metal materials than on any exposed 
surfaces of insulating materials. 

8. A conductive element for a semiconductor inte- 
grated circuit device, comprising: 

an elongate element on a surface of the 
device, said element being formed from a first 
metal material and having a top and sides; 

a top metal layer covering the top of the 
elongate element, said top metal layer being for- 
med from a metal material different from the first 
metal material; and 

metal sidewalls covering the sides of said 
elongate element, said sidewalls being formed 
from a metal material different from the first metal 
material. 

9. The conductive element of Claim 8, wherein said 
top metal layer is formed form a second metal ma- 
terial, and wherein said sidewalls are formed from 
a third metal material different from the second 
metal material. 

10. The conductive element of Claim 9, wherein said 
third metal material comprises tungsten. 

11. The conductive element of Claim 9 or 10 where 
in the second metal material is suitable for func- 
tioning as an antireflective coating for the first 
metal material layer. 

12. The conductive element of any of Claims 9 to 1 1 , 
wherein the second metal material comprises 
titanium nitride. 

13. The conductive element as claimed in any of 



claims 8 to 12, wherein the first metal material 
comprises aluminium. 
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